We derive the current response of noncentrosymmetric metal in normal and in superconducting states to the electromagnetic field with finite frequency and wave vector. The conductivity tensor is found contains the linear in wave vector off diagonal part generating natural optical activity. The Kerr rotation of polarization of light reflected from the metal surface is calculated. Its value is expressed through the fine-structure constant and the ratio of light frequency to the band splitting due to the spin-orbit interaction.
The natural optical activity or natural gyrotropy is well known phenomenon typical for the bodies having no centre of symmetry 1 . In this case, the tensor of dielectric permeability has linear terms in the expansion in powers of wave vector ε ij (ω, q) = ε ij (ω, 0) + iγ ijl q l ,
where γ ikl is an antisymmetric third rank tensor called the tensor of gyrotropy. The optical properties of a naturally active body resemble those of the magneto-active media having no time reversal symmetry. It exhibits double circular refraction, the Faraday and the Kerr effects. The description of the natural optical activity in terms of linear spacial dispersion of permeability 1 is appropriate for solid or liquid dielectric media. Whereas in the case of metals, it is more natural to formulate them in terms of spacial dispersion of conductivity tensor having the following form:
The metals without inversion symmetry have recently become a subject of considerable interest arising mostly due to the discovery of superconductivity in CePt 3 Si. The spin-orbit coupling of electrons in noncentrosymmetric crystal lifts spin the degeneracy of the electron energy band causing a noticeable band splitting. The Fermi surface splitting can be observed by the de Haas-van Alphen effect discussed theoretically in the paper Ref. 10 . The band splitting reveals itself in the large residual value of the spin susceptibility of noncentrosymmetric superconductors at zero temperature.
11 It also makes possible the existence of nonuniform superconducting states those can be traced to the Lifshitz invariants in the free energy.
12 Another significant manifestation of the band splitting is the natural optical activity. Here, we present the derivation of general expression for the current response to the electro-magnetic field with finite frequency and wave vector valid for the normal and the superconducting state of noncentrosymmetric metals. We apply this result to calculation of Kerr rotation of polarization of light reflected from the surface of metal with cubic symmetry. In this case, the usual part of the conductivity tensor is isotropic σ ij (ω, 0) = σ(ω)δ ij and the gyrotropic conductivity tensor λ ikl = λe ikl is determined by the single complex coefficient λ = λ ′ + iλ ′′ such that a normal state density of current is
We shall find here that the gyrotropy conductivity λ is directly proportional to the ratio of the light frequency to the band splitting value. The current response to the electromagnetic field at finite q and ω can be written following the textbook procedure 14 generalized to two-band case in 15 . In application to our situation, one has to remember that in a noncentrosymmetric crystal, all the values like single electron energy
velocities v αβ (k) = ∂ξ αβ (k)/∂k, the inverse effective mass (m
are matrices in the spin space (see for instance Ref. 11) . Taking this in mind, we obtain
The transposed matrix of velocity is determined aŝ
The arguments of the zero field Green functions are denoted as K ± = (Ω m ± ω n /2, k ± q/2). The Matsubara frequencies take the values Ω m = π(2m + 1 − n)T and ω n = 2πnT . We put hereh = c = 1 and return back to the dimensional units in the final expressions.
Unlike to the paper 16, we do not write here the part of the current density arising due to the gauge shift in the argument of the order parameter ∆(k − eA(ω n , q)) describing magneto-optical phenomena in the superconductors with broken time-reversal symmetry. We will return to this problem in a separate publication.
Let us pass from the spin to the band representation, where the one-particle Hamiltonian
has diagonal form. Here, the band energies are ξ λ (k) = ξ 0 (k) + λ|γ(k)|. The diagonalization is made by the following transformation
with the coefficients
forming a unitary matrixû(k).
The zero field Green functions in the band representation are diagonal and have the following form:
where
and
The functions∆ λ (k) are the gaps in the λ-band quasiparticle spectrum in superconducting state. In the simplest model with BCS pairing interaction v g (k, k ′ ) = −V g , the gap functions are the same in both bands:∆ + (k) = ∆ − (k) = ∆ and we deal with pure singlet pairing 17 . Transforming the Green functions according the eqn. (7) to the band representation, we obtain for the trace of matrices in eqn. (5):
For the brevity, we have omit here the arguments of the Green functions. They are the same as in the upper two lines. The matrix velocity in the band representation is
whereτ (k) =û † (k)σû(k) are hermitian matrices. We neglected the difference betweenû(k) andû(k ± q/2), which is of the order of (k F δ) −1 , where δ is the skin effect penetration depth.
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For the calculation of gyrotropy of conductivity, only the last two lines in eqn. (12) consisting of interband terms are important. They are equal to
Using the identity
whereγ l = γ l /|γ|, one can rewrite the above expression as
The linear part of current with respect to the wave vector q originates from the last term in the eqn. (16) .
The momentum dependence of the spin-orbit coupling is determined by the crystal symmetry. For the cubic group G = O, which describes the point symmetry of Li 2 (Pd 1−x ,Pt x ) 3 B, the simplest form compatible with the symmetry requirements is
where γ 0 is a constant. For the tetragonal group G = C 4v , which is relevant for CePt 3 Si, CeRhSi 3 and CeIrSi 3 , the spin-orbit coupling is given by
One can show that for the tetragonal group G = C 4v , the linear in the component of wave vector q part of conductivity is absent. So, we continue calculation for the metal with cubic symmetry whereγ = signγ 0k . In the following, we putγ =k taking γ 0 as a positive constant.
Let us find first the gyrotropy conductivity in the normal state. Performing summation over the Matsubara frequencies, we obtain
Here f (ξ ± (k ± )) is the Fermi distribution function and k ± = k ± q/2. By changing the sign of momentum k → −k in the first term under integral and making use that ξ λ (k) is even function of k, we come to
Analytical continuation of this expression from the discrete set of Matsubara frequencies into entire half-plane ω > 0 is performed by the usual substitution iω n → ω+iδ with δ → 0. We see that the gyrotropic part of current is an odd function of the wave vector. At the same time, it is an even function of frequency. Hence, it presents a sort of displacement current originating of band splitting in noncentrosymmetric metal.
We shall be interested in the low frequency and small q limit of this general formula. Expanding this expression up to the first order in q n ω 2 and performing integration over momentum space in the limithω ≪ γ 0 k F ≪ ε F , we obtain
or, after substitution of the Fourier component of the vector potential by the Fourier component of an electric field A = E/iω,
This corresponds to
To calculate the Kerr rotation, we consider linearly polarized light normally incident from vacuum to the boundary of a medium with complex index of refraction
expressed through the diagonal part of complex conductivity σ = σ ′ + iσ ′′ by means of the usual relations
The light is reflected as elliptically polarized with the major axis rotated relative to the incident polarization by an amount
where for the current given by eqn. (3) .
are the differences in the real and imaginary parts of the refraction indices of circularly polarized lights with the opposite polarization. After substitution the eqn. (24) in eqns. (29), (28) we find that ∆κ = 0 and ∆n expresses through ratio of the light frequency to the band splitting 2γ 0 k F as ∆n = − α 3πh
Here, α = e 2 /hc is the fine structure constant. It is worth to be noted that the coefficient λ consists of two parts: contribution of the quasiparticles in between the Fermi surfaces of two splitting bands and in the vicinity of the two Fermi surfaces (compare with Ref. 11). In the superconducting state athω ≫ ∆, λ can be given as
is the Yosida function. At T = 0, the second term in eqn.
(32), contribution of the quasiparticles in the vicinity of the Fermi surfaces, disappears and only the first term remains. As a result, we obtain in superconducting state at T = 0 ∆n = − α 2πh
In conclusion, we presented here the derivation of the current response to the electromagnetic field with finite frequency and wave vector in noncentrosymmetric metal. The conductivity tensor contains a gyrotropic part responsible for the natural optical activity. As an example the Kerr rotation for the polarized light reflected from the surface of noncentrosymmetric metal with cubic symmetry is calculated. The found value of the Kerr angle is expressed through the fine structure constant and the ratio of the light frequency to the spin-orbit band splitting. The result can be used for the direct experimental determination of the latter value.
